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(57)Abstract: 

PURPOSE: To realize robust control against the parameter 
fluctuation of a con trolled system by varying a proportion (p) gain 
and an integration(I) gain at the PI controller to stablize the operation 
of the controlled system by executing P and I compensation to 
deviation between a setting input inputted to the con trolled system 
as an instructed value and the controlled system. 
CONSTITUTION: Deviation (e), proportion gain Kp and integration 
gain KI are changed by an expression I, and a stable and high- 
response correction is enabled to a command change or continuous 
disturbance by reducing the proportion gain Kp near e=0 and 
enlarging the integration gain KI. In an area where the deviation (e) is 
large, the proportion gain Kp is enlarged and the integration gain K(is 
reduced so as to enable high-response correction. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows th e W ord which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The deflection of the setting input inputted into a controlled system as indicated value and 
this controlled system is set to the PI control equipment which stabilizes actuation of a controlled 
system P (proportionality) and by doing I (integral) compensation of, and it is the following 
relational expression [several 1] about proportional gain (KP) and integral gain (KI). KP =KP 1 -KP 
2 exp (-KP 3 |e|) 
KI =KI 1 exp (-KI 2 |e|) 

e expresses deflection here and they are KP 1, KP 2, KP 3, KI 1, and KI 2. It is a forward constant. 
Conversion structure PI control equipment characterized by being alike and making it change more. 
[Claim 2] It is [Equation 2] within said formula. KI 1**3 (KP 1-KP 2) 

They are KI 1, KP 1, and KP 2 to ******. Conversion structure PI control equipment according to 
claim 1 characterized by selecting each constant. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the adjustable structure PI control equipment which 
makes a robust control system to fluctuation of each parameter of a controlled system by starting PI 
control equipment, especially making each gain adjustable in a form [ **** ] with features in 
adjustable structure PI control. 
[0002] 

[Description of the Prior Art] It describes taking the case of a general motor control system. Drawing 
5 shows the conventional example of a PI control system, 1 is PI control equipment and 2 is a 
controlled system. R is a setting input, Y is a quantity of state here, therefore by the speed-control 
system, R is a rate command and Y is a speed detection output. 

[0003] That is, the speed-control system is stabilized by impressing the deflection e of the setting 
input R and a quantity of state Y to a controlled system through PI compensator. As the general 
stabilization adjustment, it is proportional gain KP, so that Inertia J is large. It enlarges, it responds 
to it and is the integral gain KI. It is attained by enlarging. Thus, proportional gain KP usually insert 
PI compensator in a serial like illustration, and corresponding to the controlled system And integral 
gain KI Stabilization is attained by adjusting. In addition, D in the controlled system 2 in drawing is 
a viscous drag, and K shows the coefficient of performance which is a torque generating multiplier 
of for example, a power actuator. Moreover, M in the PI control equipment 1 in drawing shows the 
output of this PI control equipment. 
[0004] 

[Problem(s) to be Solved by the Invention] However, proportional gain KP If it enlarges, in a steady 
state, it will be easy to become unstable under the effect of a noise, a detection ripple, etc., and it is 
the integral gain KI. It occurs [ overshoot of a rate ] on the occasion of step change of a setting input 
and is not desirable if it enlarges. 

[0005] Proportional gain KP and integral gain KI Although it is necessary to change according to the 
operational status of a motor etc., generally they are proportional gain KP and the integral gain KI. 
Since it becomes what performs adjustment manual by variable resistance etc., the adjustment for 
example, according to a momentary motor condition is impossible. 

[0006] Furthermore, integral gain KI There is also a method of changing according to change of 
deflection e, and this is the integral gain KI. Although it will become more highly efficient than the 
case where it is immobilization, it cannot respond to fluctuation of Inertia J and coefficient of 
viscosity D enough. Moreover, although the derivative compensation element needed to be 
independently added when the high-speed response tended to be carried out more, it was a usual 
state for this to tends to be influenced of a noise etc. and to take pains over stabilization. 
[0007] Writing profit, current, and proportional gain KP Integral gain KI The present condition is 
there being no equipment adjusted the optimal according to operational status, therefore a pilot-run 
adjustment member's going there, and suffering troubles each time and adjusting. 
[0008] 

[Means for Solving the Problem] It is made in view of a point which was mentioned above, and this 
invention is proportional gain KP and the integral gain KI to the deflection e of a setting input and 
the quantity of state of a controlled system. It is made to change with exceptional relational 
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expression, and is made to change operational status. That is, it is the following relational expression 
[several 3] about proportional gain (KP) and integral gain (KI). KP =KP 1 -KP 2 exp (-KP 3 |e|) 
KI =KI 1 exp (-KI 2 |e|) 

e expresses deflection here and they are KP 1, KP 2, KP 3, KI 1, and KI 2. It is a forward constant. It 

is characterized by being alike and making it change more. 

[0009] Furthermore, it is [Equation 4] within said formula. KI 1**3 (KP 1-KP 2) 

They are KI 1, KP 1, and KP 2 to ******. It is characterized by selecting each constant. In addition, 

the proportional gain KP in this case and integral gain KI The minimum value and other parameters 

are decided from the insurance conditions of a system. 

[0010] 

[Function] It is the proportional gain KP of the PI control equipment which was what was similar to 
drawing 5 and was shown in order that drawing 1 might make an understanding of this invention 
easy, and 3 is adjustable structure PI control equipment, and was shown in drawing 5 . Integral gain 
KI It considers as adjustable structure. The thing of the same sign as drawing 5 shows among 
drawing the part which has the same function. The adjustable structure PI control equipment 3 
applied to this invention next is explained. 

[001 1] Proportional gain KP Integral gain KI Deflection e is [ the fundamental view of a setup ] the 
integral gain KI, when small. It enlarges and is proportional gain KP. It is made small. Moreover, 
deflection e is the integral gain KI, when large. It is made small and is proportional gain KP. It is in 
the point to enlarge. That is, control which made proportional control action the subject in the 
transient as a condition which makes integral control action a subject when it is set to e->0 and 
becomes close to a steady state, carries out stable operation, and becomes e-> size on the other hand 
is carried out, and it is made to carry out a corrective action early. 

[0012] When the relation is illustrated, it is like drawing 2 . It is proportional gain KP here. And 
integral gain KI The following formula (1), It takes to (2). 
[Equation 5] 

KP =KP 1-KP 2 exp (-KP 3 |e|) — (1) KI =KI 1 exp (-KI 2 |e|) — (2) e expresses deflection here 
and they are KP 1, KP 2, KP 3, KI 1, and KI 2. It is a forward constant. 

[0013] Next, it describes how each constant is selected. This is decided from the point of the stability 
of this adjustable structure PI control. Since it is nonlinear, stability is searched for from a rear 
PUNOFU function. 

[0014] The relational expression of time amount differential de/dt of deflection e and time amount 

differential dM/dt of the output M of PI control equipment is [Equation 6] from drawing 5 . 

KP de/dt+KI e=dM/dt — (3) J(-de/dt)+D(R-e) =MK — (4) Formula (4) [Equation 7] 

de/dt= (1/J) {D(R-e)-KM} — (5) Therefore, formula (3) [Equation 8] 

dM/dt=(KP/J) {D(R-e)-KM}+KI e - (6) As a rear PUNOFU function, it is [Equation 9]. 

V(M, e) = (1/2) (M2+e2) — (7) dV/dt=MdM/dt+ede/dt — (8) Therefore, [Equation 10] 

dV/dt=-(KKP/J) M2 + {KI-(D/J) KP-K/J} Me -(D/J) de/dt + {(DKP/J) M+(D/J) e} R — (9) [0015] 

From an upper type, V is always forward, and it is a formula (9). A control system will become 

stability, if each constant is selected so that dV/dt may become negative. Formula (9) It sets and is 

proportional gain KP. It is a formula (1) about the integral gain KI, KI [ in / it selects, as shown in 

(2), and / drawing 2 ] 1 If the relation of (KP 1-KP 2) is taken to the 3:1st place, the coefficient of 

performance K as a parameter, Inertia J, and the robustness over the usual fluctuation of a viscous 

drag D are securable. 

[0016] 

[Example] Drawing 3 is the hard block diagram showing one example of the principal part of the 
adjustable structure PI control equipment by this invention, and drawing 4 is the soft flow Fig. 
[0017] That is, when performing the operation in drawing 1 , the deflection e with the quantity of 
state Y of the setting input R, a rate, a location, etc. is detected first, and it responds to the value, and 
it is a formula (1) and (2). It comes, whenever it is shown in drawing 2 using **, and it is 
proportional gain KP. Integral gain KI It calculates and **** is sometimes controlled. 
[0018] In drawing 3 , although the adjustable structure PI control equipment of this invention is 
realizable also by general-purpose CPU about CPU, if a digital signal processor (DSP) is used when 
requiring a more nearly high-speed response, it is realizable by the sampling time for several 10 
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microseconds. ROM and RAM are memory devices, D-I/O is a digital input/output and PG output 
etc. is inputted. Analogue-I/O inputs setting inputs, such as a rate command, etc. 
[0019] The soft flow shown in drawing 4 in CPU detects the deflection e of the setting input R and a 
quantity of state Y each time, and it is proportional gain KP. Integral gain KI It calculates and sets 



[Effect of the Invention] As explained above, in this invention, robust operation can be performed to 
fluctuation of an Inertia J, a viscous drag D, etc. which are usually generated by carrying out the 
detection operation of the deflection e under operation of a controlled system, and considering as 
adjustable, as the value showed each gain of a PI control system to drawing 2 . 
[0021] namely, — the neighborhood of e= 0 — proportional gain KP small — carrying out — integral 
gain KI command change since it enlarges, and self-sustaining disturbance — receiving — stable — 
high — correction [****] can be performed, moreover — the field where deflection e is large — 
proportional gain KP large — carrying out — integral gain KI making it small — high — correction 
[****] can be performed. 
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[Drawing 3] 
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[Drawing 5] 
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